TYPE IIN SUPERNOVAE
Supernovae (SNe) provide valuable opportunities to study galactic and individual stellar processes out to great distances. To date, high-redshift SN searches have revealed Type II core-collapse events to z ∼ 0.7 and Type Ia events to z ∼ 1.5. Motivated by the dearth of SN data and rate information at high redshift, we recently developed a method to detect and study Type IIn SNe (SNe IIn) at z ≥ 2 [1] and apply this method to the Canada-France-Hawaii Telescope Legacy Survey (CFHTLS).
The progenitors of SNe IIn have been linked to stars with main sequence masses of ≥ 60M ⊙ [11, 6] . SNe IIn [2, 3] are highly luminous events with M B = −19.0 ± 0.3, σ obs = 0.9 [4] . Indeed, some of the brightest SNe to date are SNe IIn [e.g., SN2006gy, M B = −22.2 [5, 6] and SN2006tf, M B = −20.7 [7, 8] ]. Low-redshift observations reveal that SNe IIn are the most luminous SN type in the UV [9, 10] . This is vital for high redshift detection because the deep wide-field multi-epoch imaging necessary to detect z ∼ 2 SNe is currently only feasible in the optical (rest-frame ∼1700Å corresponds to the observed r-band at z ∼ 2). SNe IIn are identified by long-lived, extremely bright emission lines caused by the interaction of the SN ejecta with previously expelled circumstellar material and are spectroscopically detectable for years.
It is argued that in order to rectify the universal UV luminosity density shortly after reionization [12] and the specific star formation rates and colors of early type galaxies [13, 14] , an evolving stellar initial mass function (IMF)is required. This can be tested directly by observing massive core-collapse SNe IIn at z ≥ 1.5 where the predicted number of events from static and evolving IMF models diverge. High-redshift detections will measure the SNe IIn rate beyond the peak star formation epoch of the universe and SN emission-line measurements can test model predictions of the SN contribution to galactic-scale winds observed in high redshift galaxies [15, 16] , mass loss, and ISM/IGM metal enrichment. Finally, there is a growing body of evidence that at least a fraction of SNe IIn are pair instability supernovae (PISNe) [6, 8] . As a result, SNe IIn provide the only observable examples of PISNe. Studies of low-redshift SNe IIn with intermediateaperture telescopes and detection at high redshift will provide enormous insight into the behavior of early universe population III stars, also believed to result in PISNe.
PHOTOMETRIC DETECTION
Owing to their intrinsic brightness and strong UV flux, ∼ 93% of all z ≥ 2 SN events detected in surveys complete to m r = 27 are expected to be SNe IIn [17, 1] . Because massive SNe IIn comprise ∼ 3% of all Type II SNe [18, 11] , the expected z ∼ 2 density for such surveys is ∼ 25 deg
We developed a method that monitors the flux of high redshift galaxies to efficiently mine multi-epoch deep wide-field images for high redshift SNe IIn, while avoiding the large number of lower redshift interlopers and variable events. The method uses the highly successful Lyman break color-selection technique [19, 20, 16 ] to select galaxies in controlled volumes with well-understood selection functions. Subsequently, accurate estimates of the density and rate of SNe IIn can be made with only a small number of SN detections. Briefly, the method involves monitoring color-selected galaxies over multiple years for flux variations that meet SN event criteria. To minimize contaminants such as AGN, the candidates must meet criteria that include (1) events offset from their host galaxy centroids, (2) detections confined to one epoch/year (SNe IIn events at 1 < z < 2 will be detectable in LBG photometry for ∼ 5 months), (3) detections > 3σ in all appropriate broadband filters, (4) clean point-source detections in the subtracted images, and (5) SN light curves in all filters consistent with time dilation.
We apply this method to the CFHTLS Deep survey which consists of deep imaging of four square-degree fields from 2003 to 2008 to a yearly completeness depth of m r ∼ 26.3. The galaxy color-selection was tailored to the u * g ′ r ′ i ′ z ′ broadband filters of the CFHTLS and was tested using the VLT Virmos Deep Survey (VVDS; [21] ) spectroscopic sample. We found that 83% of the galaxies identified in both surveys reside at the expected redshift range (z > 1). Our first results detect four compelling z ∼ 2 candidates in two fields over two epochs. Figure 1 presents the CFHT images of two z ∼ 2 SN candidates and Figure 2 presents their g ′ r ′ i ′ -band light curves.
SNe IIn show promise for spectroscopic confirmation because their emission lines grow extremely bright and remain bright for years. At z ∼ 2, the dominant SN IIn emission lines in deep optical observations are Ly-α and MgII 2800Å. There is evidence that the Ly-α and MgII emission lines closely follow that of Hα [9, 10, 22] . As a result, we studied the behavior of SN IIn Hα emission lines in the literature (Figure 3; left) . 
CONCLUSIONS
The exceptional properties of SNe IIn enable very high redshift photometric and spectroscopic detections. We developed a method that exploits these properties and apply it to the CFHTLS Deep survey. We find four compelling z ∼ 2 photometric candidates after analyzing one-fifth of the data. This method has the potential to detect a large number of z ∼ 2 SNe IIn that enable spectroscopic confirmation via their long-lived emission lines using 8m-class telescopes. Planned deep, wide-field surveys (e.g., Hyper SuprimeCam) will have the sensitivity to detect SNe IIn to z ∼ 6 and dramatically increase the z ∼ 2 density because they will detect a larger number of host galaxies and reach deeper into the SNe IIn magnitude distribution. Such high-redshift detections can be followed-up spectroscopically with 30m-class telescopes and the James Webb Space Telescope. The solid curves indicate Hα evolution and the dashed curves indicate the expected Ly-α evolution using the relationship SN 1995N [9] as a simple model. The emission lines of many z ∼ 2 SNe IIn are expected to be above the thresholds of 8m-class telescopes (upper horizontal line). Future 30m-class facilities are expected to have the sensitivity to detect SNe IIn at z ∼ 6 similar to the sensitivity that current 8m-class telescopes have for SNe IIn at z ∼ 2 as illustrated above.
